INTRODUCTION
Cataract may be present in unilateral or bilateral forms in patients presenting with carcinoma breast. This is especially true for elderly post-menopausal females. Moreover, tamoxifen and raloxifene intake is also associated with development of cataract in breast cancer (BC) patients taking them. 1 Age related/senile cataract is defined as cataract occurring in people >50 years of age, unrelated to known mechanical, chemical, or radiation trauma. 2 But cataract may present in younger patients referred to as early-onset cataract (EOC). No definitive relationship was reported between cataract and breast cancer. However, in a recent nation-wide population based retrospective cohort study from Taiwan by Chiang et al, an increased incidence of BC was observed in patients presenting with EOC. 2 One such young nonobese female presented to us who had bilateral progressive vision loss due to cataract for five years and subsequently she developed carcinoma of the right breast (Stage IIIB at presentation) ( Figure 1 ). Patient had no history of trauma to eyes, watering, glares, floaters or redness of eyes; nor did she have diabetes mellitus or any other metabolic abnormality. We lost the patient as she died in an unfortunate road traffic accident. However, this interesting possible association motivated us to seek out the link between these two disease entities viz. breast cancer and early-onset cataract. 
METHODS
A comprehensive online English literature search was done using various electronic search databases including "Med-line", "PubMed", "Scopus", "Web of Science" and "Google Scholar". Different search terms related to pathogenesis of carcinoma breast and cataract were used like "pathogenesis of carcinoma breast", "pathogenesis of cataract", "pathogenesis of early onset cataract", "cancer and cataract", "association between carcinoma breast and cataract", and "link between cancer and early onset cataract". An advanced search was also carried out by combining all search fields in keywords, abstracts and/or titles. Using these search terms, appropriate articles were selected for a comprehensive review. Investigation of literature was further supplemented by searching the referenced articles created by original investigators. Finally, all the selected articles were confirmed for duplications and excluded, if it was observed.
RESULTS
Early-onset cataract (EOC) is thought to be due to insufficient anti-oxidative function. 2, 3 Carcinogenesis is similarly related to oxidative stress and oxidative damage. 4 This anti-oxidative insufficiency may occur as a result of faulty anti-oxidative and/or deoxyribonucleic acid (DNA) repair or due to overproduction of reactive oxygen species (ROS) which leads to oxidative damage to cellular macromolecules, genomic instability and uncontrolled cell proliferation. 4 This similar mechanism might explain the propensity of development of certain cancers in patients with EOC. The mechanisms which we found in our literature review for the possible association between BC and EOC included metabolic syndrome, action of reactive oxygen species, genetic polymorphisms and environmental factors.
DISCUSSION
We describe here the possible mechanisms linking EOC with BC which we found during our literature review. Table 1 summarizes all the studies which explain the various possible links between EOC and BC. 
Metabolic syndrome
Patients with metabolic syndrome suffer from problems like obesity, dyslipidemia, hypertension, diabetes and insulin resistance. 5 Forte et al found that diabetes and obesity are linked closely and both in-turn are associated with an increased incidence of solid tissue cancers. 6 Chen et al found a two-to three-fold increase in the risk of hepatocellular carcinoma (HCC) in patients with diabetes. 7 Tan et al reported in their study that metabolic syndrome is associated with all three types of cataracts (nuclear, cortical, and posterior sub-capsular cataracts). 8 Similarly, Paunksnis et al reported increased odds of cataract formation in middle-aged females with arterial hypertension, obesity and hypertriglyceridemia. 9 Diabetes and hyperglycemia are known to promote the glycation of lens proteins and the hyperosmotic effects of sorbitol on lens fibers through the aldose reductase pathway. 10 Leptin has been shown to be involved in cataract formation. 11 People with hyperlipidemia are likely to have hyperleptinemia and leptin resistance. 12 Hence, hyperlipidemia may promote cataract formation. Thus, we saw that metabolic syndrome can be the biochemical link between cancer and cataract as it acts as a precursor to both.
Reactive oxygen species (ROS)
ROS alter gene expression patterns and thus contribute to carcinogenesis through oxidative stress in fibroblasts which then proliferate uncontrollably. 4, 13 ROS lead to lens opacification through oxidative damage to lens proteins.
14 Moreover, oxidative damage associated with ultraviolet light plays a key role in the development of cataracts. 15 Henceforth, if the anti-oxidative function is maleficent at a younger age, EOC may occur because ROS-damaged DNA cannot be repaired, leading to a higher cancer possibility in young adults.
Genetic factors
Genetic polymorphisms occurring in genes predisposing to carcinogenesis or cataractogenesis are another possible factor linking EOC with cancer. 16 One of the most wellknown cancer-related polymorphic genes encoding for enzymes involved in free radical metabolism is the glutathione S-transferase (GST) gene system. 17 GST are phase II iso-enzymes that safeguard against endogenous oxidative stress and exogenous toxins. They are involved in the detoxification of a variety of electrophilic compounds generated by ROS damage to intracellular molecules including DNA. 18 Saadat et al found an increased incidence of cataract in subjects with the null genotype of GSTM1 (odds ratio-1.51; p<0.05). 17 The polymorphisms of GSTM1, GSTT1, GSTP1 and GSTO2 have been shown to be associated with increased risk of developing breast cancer, HCC and skin cancers. 19 Thus, the polymorphism of GST may be a possible link between EOC and carcinogenesis.
Environmental factors
Wide use of chemicals in our daily lives could also be a potential link relating EOC and cancer. Glyphosate is one such herbicide which is now a major crop management strategy for pre-harvest desiccation of perennial weed control especially with genetically modified (GM) crops. 20 The increased use of glyphosate in the United States has been demonstrated with increase in the incidence and/or death rate of multiple diseases (including cataract) and several cancers (like breast cancer, liver cancer etc.). 21 Multiple genotoxic and potentially carcinogenic metabolites of fructose are plausibly present in foods derived from glyphosate-resistant crops, or as a contaminant in glyphosate-based products, or as a breakdown product generated endogenously following glyphosate exposure. These include glyoxylate, glyoxal and methylglyoxal. Stout et al 22 conducted a study between 1987 and 1989 and found that glyphosate induced a statistically significant (p<0.05) cataractous lens formation in male as well as female rats. Methylglyoxal is implicated in cataract development by inducing endoplasmic reticulum stress in human lens epithelial cells, and activating an unfolded protein response leading to overproduction of ROS and altering the cellular redox balance toward lens oxidation. 23 In vitro studies have also confirmed that glyphosate stimulates proliferation of human breast cancer cells when present in concentrations of parts per trillion. 24 This effect is specific to hormone-dependent cell lines, and is mediated by the ability of glyphosate to act as an estrogenic agent.
A study on rats conducted by Séralini et al demonstrated that female rats fed with GM maize treated with glyphosate had very high propensity of developing mammary fibroadenomas and adenocarcinomas. 25 Glyphosate also impairs metabolism of toxic phenolic compounds such as nonylphenols, diethylstilbestrol, and bisphenol A; all widely recognized to possess estrogenic activity, thus having an indirect potential impact on increasing risk of breast cancer. 20 Use of glyphosate possesses a real possible risk linking development of BC and EOC. Our patient was also involved in agricultural activities since the age of 16 years.
CONCLUSION
The evidence linking early-onset cataract with cancer is relatively new and needs to be studied in more detail especially in terms of controlled studies. These plausible connections can further help to take up large scale molecular, biochemical, epidemiological and clinical studies to investigate this association in terms of causeeffect relationship. The impact this association can have, on understanding cataract and cancer pathogenesis; and its potential in reducing cancer incidence in patients with EOC, can be profound.
